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Description 

This invention relates to adhesives, and has particular but not exclusive reference to adhesives to be 
used for laminating or joining absorbent or porous materials to one another or to other materials. 
5 The adhesive of the invention is particularly applicable to use with absorbent or barrier materials used 
in electrochemical cells. 

Combinations of absorbent papers or non-woven fabrics and barrier materials have been used for some 
time in electrochemical cells, particularly alkaline-electrolyte cells. For ease of handling and of feeding into 
the cell during cell assembly, these materials are often laminated together using adhesives or thermal 
w sealing techniques. 

In cylindrical cells, particularly alkaline-electrolyte cells, spirally wound tubes of absorbent or barrier 
material are often used, held in shape by an adhesive applied to lock the overlapping portions of spirals. 

The use of adhesive or thermal seating usually causes blocking of the pores of the absorbent or barrier 
material. This in turn causes an increase in electrical resistance, and/or a decrease in the electrolyte 

75 absorption capacity of the material and a deterioration in the wetting characteristics of the material. As a 
result the performance of the cell system is impaired. 

Attempts have been made to use adhesives which are compatible with alkaline electro-chemical 
systems and which do not lead to undesirable blocking of the pores of absorbent or barrier materials. Such 
adhesives have involved the use of gelling agents based on long-chain polyacrylic acids (e.g. US-A-3 894 

20 889). These have however had serious practical disadvantages. They suffer from extremely high viscosity 
and poor flow characteristics, so that it is necessary to use specialised coating and lamination machines for 
applying the adhesives, and specialised equipment to move the adhesive from a holding tank to the 
adhesive coating head. Because of the high viscosity and poor flow characteristics, the rate of application of 
these adhesives is low, which reduces the throughput during the lamination operation, thereby increasing 

25 overhead costs and significantly increasing the cost of the finished cell. 

An object of the present invention is to provide an adhesive system of low viscosity, which can be used 
on absorbent or porous materials used in alkaline-electrolyte environments without causing pore blockage. 

It has been found that an adhesive system of excellent properties can be formed by a blend of a long 
chain polyacrylic acid with a short chain polyacrylic acid as defined in the claims. 

30 The invention can provide an adhesive of relatively low viscosity, capable of being applied by simple 
equipment and at a high throughput. The adhesive of the invention has electro-chemical properties superior 
to conventional lamination adhesives and thermal bonding techniques and does not impair the absorption 
capacity or wetting characteristics of cell absorbent and separator components, but can even improve the 
wetting properties of laminated alkaline electrolyte cell separators. 

as The combination of long chain and short chain polyacrylic acids provides an adhesive system with 
excellent gelling properties combined with low viscosity. The long chain polyacrylic acid comprises 
branched chains whereas the short chain polyacrylic acid comprises substantially linear chains. Branched 
long chain polyacrylic acids have excellent gelling and adhesive properties in aqueous or alkaline solutions, 
but high viscosity. The smaller substantially linear molecules of the short chain polyacrylic acid reside 

40 between the long chain molecules and reduce interference between these, acting in effect as a molecular 
lubricant, with the result that the viscosity of the mixture is sharply reduced, without impairing the gelling 
and adhesive properties of the long chain polyacrylic acid. 

The long chain polyacrylic acid has a molecular weight in the range 1 ,250,000 to 5,000,000, preferably 
about 3,000,000. Lower molecular weights have inadequate gelling and adhesive properties; higher molecu- 

45 lar weights do not readily form suitable solutions. 

The short chain polyacrylic acid has a molecular weight in the range 2,000 to 500,000, preferably about 
250,000. Polyacrylic acids with materially higher or lower molecular weights do not materially reduce the 
overall viscosity. 

Long chain polyacrylic acids suitable for use in the invention include the "Carbopol" (trademark) range, 
so particularly product Carbopol 941 upwards. Carbopol 934 has been found to be particularly suitable. 

The components of the adhesive system of the invention may be dispersed in an aqueous solvent or in 
a suitable polar organic solvent e.g. methanol, ethanol. Organic solvent systems are usually to be preferred 
owing to better compatability with the absorbent and barrier materials used in alkaline electrochemical cells; 
these form fully gelled dispersions and do not rapidly wet the cellulosic material and cause it to swell as 
55 occurs when water is used. 

The adhesive blend, commonly described as a "dispersion", can be varied considerably in viscosity 
and flow characteristics, by variation of the ratio between the amounts of long chain and short chain 
polyacrylic acids and/or their molecular weights, to suit the application technique to be used for applying 
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the adhesive. 

A typical lamination system which can be used, comprises a Meyer bar application head with a nip 
together of the laminated materials whilst still wet, followed by drying e.g. using forced air drying. The use 
of a solvent facilitates drying at lower temperatures, which can be important with some cell separator 
5 systems to avoid damage to the separator materials. 

The invention will be further described with reference to the production of laminated separators suitable 
for use in cylindrical alkaline-manganese cells as defined in the claims. 

The separator comprises non-woven sheet material, in particular non-woven nylon, laminated to a 
battery grade regenerated high purity cellulose film. 
w Such laminates have been prepared using a variety of adhesive systems to form a bond between the 
two laminate materials, including: 

water based acrylics; 

acrylic copolymers; 

PVA; 

75 sodium silicate based adhesives; 
thermally bonded adhesives. 
Laminates prepared using these adhesive systems have been evaluated with respect to their wet ionic 
resistance, wetting characteristics, and tendency to delaminate. All of these adhesive systems were found to 
be inadequate, in particular owing to poor bond strength or to a large increase in the wet ionic resistance of 

20 the separator. 

An adhesive comprising a dispersion of Carbopol 934 (a long branched chain polyacrylic acid of 
molecular weight about 3 million) in methanol has been found to be a suitable adhesive in respect of all 
electrochemical and wetting characteristics, for use in such a separator system. However it cannot easily be 
used in practice because of its very high viscosity. 

25 The addition of a polyacrylic acid of relatively low molecular weight (preferably about 250,000) to the 
Carbopol dispersion resulted in an unexpected and considerable decrease in viscosity and a marked 
improvement in flow characteristics, without any impairment of the electrochemical and wetting characteris- 
tics, compared with a separator formed used Carbopol 934 without the added low molecular weight 
polyacrylic acid. Because of the reduction in viscosity and improved flow characteristics, the adhesive 

30 system comprising long chain and short chain polyacrylic acids can be used to produce laminated cell 
separators using conventional coating and lamination techniques with relatively high throughput. 
The improved flow properties are illustrated by the following table. 



35 




Brookfield Viscosity 
(measured at 20 rpm and 20 • C) m Pa s 




5% Carbopol 934 in methanol 


11.200 




5% Carbopol 934, 2% polyacrylic acid (PAA) in methanol 


5,900 




5% Carbopol 934, 4% PAA 


4,200 


40 


5% Carbopol 934, 6% PAA 


3,800 



Comparable results are obtained using other Carbopol long branched chain polyacrylic acids, in combina- 
tion with other short linear polyacrylic acids. 

Proportions up to 6 parts PAA to 5 parts Carbopol 934 have been tested; at this value a slight loss of 
adhesive strength was seen. 

Claims 

1. An adhesive system comprising a blend of a first component which is at least one polyacrylic acid of 
high molecular weight and a second component which is at least one polyacrylic acid of low molecular 
weight, in a solvent, characterized in that the polyacrylic acid of the first component has a molecular 
weight between 1.25 million and 5 million and comprises branched-chain molecules, the polyacrylic 
acid of the second component has a molecular weight between 2,000 and 500,000 and comprises 
substantially linear-chain molecules, and the ratio of the amount of polyacrylic acid of high molecular 
weight to the amount of polyacrylic acid of low molecular weight is in the range 1 :0.4 to 1 :1 .2 parts by 
weight. 

2. An adhesive system according to claim 1 in which the solvent is an organic solvent. 
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3. An adhesive system according to claim 2 in which the solvent is methanol or ethanol. 

4. An adhesive system as claimed in claim 1 in which the solvent is an aqueous solvent. 

5 5. An adhesive system as claimed in any of claims 1 to 4 in which the polyacryltc acid of high molecular 
weight has a molecular weight of about 3 million. 

6. An adhesive system as claimed in any of the preceding claims in which the polyacrylic acid of low 
molecular weight has a molecular weight of about 250,000. 

w 

7. A cell separator comprising an absorbent non-woven sheet material laminated to a barrier material by 
an adhesive system as set forth in any of the preceding claims. 

& An alkaline-electrolyte cell incorporating a separator as claimed in claim 7. 

15 

9. A spirally wound separator tube for an electrochemical cell, having its spiral turns adhered by an 
adhesive system as set forth in any of claims 1 to 6. 

PatentansprUche 

20 

1. KJebstoffsystem, umfassend ein Gemisch aus einer ersten Komponente, bei der es sich urn mindestens 
eine PolyacrylsMure mit einem hohen Molekulargewicht handelt, und eine zweite Komponente, bei der 
es sich urn mindestens eine Polyacrylsaure mit einem niedrigen Molekulargewicht handert, in einem 
Ldsungsmittelsystem, dadurch gekennzeichnet, daB die PolyacrylsMure der ersten Komponente ein 

25 Molekulargewicht zwischen 1 250 000 und 5 000 000 aufweist und verzweigtkettige MolekOle umfaBt, 
die Polyacrylsaure der zweiten Komponente ein Molekulargewicht zwischen 2 000 und 500 000 
aufweist und im wesentlichen lineare Molekule umfaBt und das VerhSKnis des Anteils der Polyacrylsau- 
re mit hohem Molekulargewicht zum Anteil der Polyacrylsaure mit niedrigem Molekulargewicht im 
Bereich von 1:0,4 bis 1:1,2 Gewichtsteile liegt. 

30 

2. Klebstoffsystem nach Anspruch 1, wobei es sich beim Losungsmittel urn ein organisches Losungsmittel 
handelt. 

3. Klebstoffsystem nach Anspruch 2, wobei es sich beim Losungsmittel urn Methanol oder Ethanol 
35 handelt. 

4. Klebstoffsystem nach Anspruch 1, wobei es sich beim Losungsmittel urn ein wSBriges Losungsmittel 
handelt. 

40 5. Klebstoffsystem nach einem der AnsprOche 1 bis 4, wobei die Polyacrylsaure von hohem Molekularge- 
wicht ein Molekulargewicht von etwa 3 000 000 aufweist. 

6. Klebstoffsystem nach einem der vorstehenden AnsprOche, bei dem die Polyacrylsaure von niedrigem 
Molekulargewicht ein Molekulargewicht von etwa 250 000 aufweist. 

45 

7. Zellseparator, umfassend ein absorbierendes Faservlies-Folienmaterial, das mit einem Klebstoffsystem 
nach einem der vorstehenden AnsprOche auf ein Sperrschichtmateria! laminiert ist. 

8. Aikali-Elektrolytzelle, die einen Separator nach Anspruch 7 aufweist. 

50 

9. Spiratformig gewickettes Separatorrohr zur Verwendung in einer elektrochemischen Zelle, wobei die 
Spiralwicklungen mit einem Klebstoffsystem nach einem der AnsprOche 1 bis 6 verklebt sind. 

Revendlcattons 

55 

1. Syst&me adhgsif comprenant un melange d'un premier composant qui est au moins un acide 
polyacrylique de poids mol£culaire £lev6 et un second composant qui est au moins un acide 
polyacrylique de poids mol6culaire bas, dans un solvant, caractdris6 en ce que I'acide polyacrylique du 
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premier composant a un poids mol£culaire entre 1.25 million et 5 millions et comprend des molecules 
a chaTnes ramifies, I'acide polyacrylique du second composant a un poids moteculaire entre 2.000 et 
500.000 et comprend des molecules a chaTnes substantiellement lin^aires et le rapport de la quantity 
d'acide polyacrylique de poids moleculaire 6\ev6 sur la quantity d'acide polyacrylique de poids 
5 mol£culaire bas est dans le plage de 1:0.4 a 1:1.2 parties en poids. 

2. Systeme adh£sif selon la revendication 1 , dans lequel le solvant est un solvant organique. 

3* Systeme adh£sif selon la revendication 2, dans lequel le solvant est le methanol ou l'6thanol. 

10 

4. Syst£me adh§sif tel que revendiqu£ dans la revendication 1, dans lequel le solvant est un solvant 
aqueux. 

5. Systeme adh€sif tel que revendiqu£ dans Tune quelconque des revendications 1 a 4, dans lequel 
75 I'acide polyacrylique de poids moleculaire 6lev€ a un poids moleculaire d'environ 3 millions. 

6. Systeme adh^sif tel que revendiqu£ dans Tune quelconque des revendications pr£c£dentes, dans 
lequel I'acide polyacrylique de poids moleculaire bas a un poids moleculaire d'environ 250.000. 

20 7. S£parateur de cellule comprenant un mat6riau absorbant en feuille nontiss£ laming sur un matgriau 
formant barrage par un systeme adh€sif tel qu'expos£ dans I'une quelconque des revendications 
pr6c£dentes. 
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8. Cellule £lectrolytique alcaline incorporant un s£parateur tel que revendiqu£ dans la revendication 7. 

9. Tube separateur enroule en spirale pour une cellule £lectrochimique ayant ses revolutions spiraJes 
collies par un systeme adhgsrf tel qu'expos£ dans Tune quelconque des revendications 1 a 6. 



30 



35 



40 



45 



50 



55 



5 



